(g) Virus-like inclusions: Not uncommonly viruslike objects are found in the cytoplasm of tumour cells (Fig 4, V) . In some instances we are certain that these particles are the carcinogenic agent; in others their effect on the cell is not clear. The possibility exists that they may have simply entered the cell in the course of the normal feeding in which the cell may engulfextracellular particles. A fuller account of the relationship between viruses and tumours will be found in the article by Oberling & Bernhard (1961) .
Electron Microscopy of Human Biopsy Material by I Friedmann MD (London) In his work, the pathologist-light-microscopist is guided mainly by personal experience. The pathologist-electron-microscopist, for the present at any rate, may have to rely more on the experience of the anatomist, embryologist and others, who have been quicker off the mark in applying the electron microscope to the study of healthy tissues. There has indeed been a renaissance of the study of normal histology during the past decade; it is, moreover, not difficult to recognize that electron microscopy as applied to the study of diseased tissues has been gathering momentum, and is going greatly to widen the horizon of general pathology.
The fine structure of tumour cells has been widely studied by several workers (Bernhard 1958) . Nevertheless, Bernhard's suggestion remains valid: 'that further systematic investigations of all neoplasms, experimental and human, and irrespective of their site or origin, are desirable.' It may be added, that -systematic electron microscope investigations ought to be applied to the study of non-neoplastic diseases.
This, in fact, has been the object of the present investigations and the fine structure of non-neoplastic and neoplastic conditions affecting the ear, nose and throat has been studied. Although the material so far collected awaits complete investigation, some of the main observations may be outlined here to illustrate the uses of electron microscopy in pathology.
General observations: The essential technical skill and microscopical experience can best be acquired on experimental material such as animal tissue or tissue cultures, which, as regards fixation and embedding, offer more readily adjustable conditions. Tissue cultures of the isolated fowl embryo otocyst served these purposes in our laboratory before we embarked on human biopsy material (Friedmann 1959 , Friedmann & Bird 1961 .
Human biopsy material is more treacherous owing to the considerable sampling error. Occasionally, the presumptive clinical diagnosis may prove inaccurate. Furthermore, degenerative and necrotic changes in the diseased tissue may jeopardize the quality of the picture and so the final result. Material and methods: Tissue from 90 biopsies fixed in Veronal-buffered 1 % osmic acid containing 3 % dextran and 0-25 % sucrose were embedded in methacrylate and Vestopal W, sectioned on a Huxley-type ultramicrotome and examined under a Siemens Elmiskop I. Blocks of the tissues embedded in Vestopal W were stained in toto with 0 5 % phosphotungstic acid in alcohol, and thin sections were frequently stained with 2 % uranyl acetate. Sixty-two biopsies proved suitable for electron microscopy.
Observations on human biopsy material: The observations will be described under three main headings: (1) General morphology of the examined tissues in low-power electron micrographs.
(2) Fine structure of the relevant or representative cells: eosinophils; plasmacytes; neoplastic cells. 
Section #fPathology
Biopsiesfrom the Nose (12 Cases) General morphology: The surface epithelium of the nose and sinuses is composed of ciliated hair cells flanked by secretory cells (Fig 1) . The hair cells possess large numbers of cilia arising from basal corpuscles embedded in the cells. The secretory cells contain large secretory granules or vacuoles. The columnar epithelium may be more or less intact or show degenerating and atrophic changes leading to destruction of the ciliated surface and causing variations in the shape and size of the goblet cells. It may be replaced by metaplastic squamous epithelium showing the characteristic fine structure of squamous epithelium described below (p 1070). There are polygonal cells in the intermediate layers and the basal layer consists of cuboidal cells resting on the basement membrane. The basal cells are easily separated by cedematous fluid and reveal large numbers of microvilli but only a few or no attachment zones.
The undulating basement membrane consists of a double membrane separated by a greyish zone, lamina densa, about 600 A wide. The 'hyalinized' band observed under the light microscope in allergic type polyps appears as a more granular zone containing collagenous fibres which blends imperceptibly with the cedematous stroma. Here, one encounters varying numbers of inflammatory cells, two of which merit particular attention: the eosinophil and the plasmacyte.
Fine structure of the eosinophil: The eosinophil can readily be identified by its granules containing characteristic dense inclusions of various shape and size, with bar-shaped or polygonal inclusions predominating (Fig 3) . The variation in shape and size may be entirely due to the plane of sectioning of a basically plate or disc-shaped inclusion. On the other hand, some variation in the basic shape of the inclusions cannot be excluded. The number of granules varies from 10 to 30 or more in a cell. The nucleus of the eosinophil is often lobulated but may be spherical.
Fine structure of plasmacytes: The plasmacyte displays, as under the light microscope, a characteristic fine structure (Fig 2) . There are in the cytoplasm densely arranged granular cysternm of the ergastoplasm; the cystermn appear more densely packed in osmium-fixed tissues, but distended and separated from each other in cells fixed in formol saline. The distended cysterme often contain greyish homogeneous granules of protein nature and there are numerous scattered mitochondria present. The eccentric nucleus displays clearly the characteristic cart-wheel pattern. In the infranuclear zone there are no cysterme and mitochondria are scarce. This area corres-ponds with Marschalko's space and contains the Golgi body, Charcot-Leyden crystals: Hexagonal or elongated wedge-shaped or pyramidal crystals were observed in fairly large numbers in several polyps containing large numbers of eosinophils (Fig 4) . There were also irregular or blunt cigarshaped structures present, usually surrounded by densely packed eosinophilic granules. The eosinophilic granules themselves appeared to be well preserved and the homogeneous crystals showed no inclusion resembling eosinophilic granules and no crystalline pattern. Welsh (1959) first studied the development of Charcot-Leyden crystals in eosinophils in thin sections under the electron microscope. White (1954) observed Russell bodies and crystalloid inclusions in the plasmacytes of the spleen of sensitized rabbits and mice. Crystalloid inclusions were described by Wellensiek (1957) in thin sections of plasmacytes in the mesenteric lymph nodes of healthy rats.
We found large globular droplets in nasal polyps resembling Russell bodies as seen under the light microscope. Some were too small and could only be seen under the electron microscope. As the plasmacytes often contain greyish secretory protein granules it may be suggested that abnormal cellular metabolism could lead to the formation of Russell bodies followed in some cases by crystallization of the cellular proteins.
The present observations together with those of other workers suggest that the crystals may be formed in at least three ways: from eosinophilic granules as suggested by Welsh (1959) , from plasmacytes, or caused by virus action. This question is being studied. Nasal Neoplasms (9 Cases) The examined material included several cases of squamous cell carcinoma, the fine structure of which resembles that of similar tumours of the larynx to be described later in this paper.
Others included fibrosarcoma of the ethmoid consisting of elongated needle-shaped cells forming a monotonous, almost syncytial pattern.
A case ofplasmacytoma proved more instructive.
Although, or because, the tissues were fixed in formol saline, the ergastoplasmic pattern of the plasmacytes was clearly visible. This case illustrates some of the practical help electron microscopy may occasionally provide. The light-microscopical appearances of this neoplasm were difficult to interpret and the diagnosis lay between plasmacytoma and reticulum cell sarcoma. The information provided by the electron microscope assisted in arriving at the diagnosis of plasmacytoma.
Malignant melanoma of the nose: Although all four specimens were received in formol saline, the pattern of pigmentation could readily be studied. The cytoplasm of the melanotic cells contained granules which, at high magnification, consisted of large numbers of smaller irregularly shaped sub-units of pigment revealing at much higher resolutions further smaller sub-units. The electron dense 'black' pigment granules stand out clearly against the grey protein matrix (Fig 5) .
Biopsies from the Larynx andPharynx (29 Cases) General morphology: In low-power electron micrographs of squamous cell papilloma or carcinoma of the larynx or pharynx the general features appear much the same as in light microscope preparations. At higher magnifications adjacent cytoplasmic membranes of two squamous cells of the stratum spinosum show, at intervals in the membrane, localized areas of increased density into which short or long bundles of tonofilaments insert. This complex structure, the desmosome, has been generally accepted as the electron microscopic counterpart of the intercellular bridge as seen under the light microscope. Desmosomes are distributed at random and in large numbers around the-cells of the prickle cell layer. The function of the desmosome is mainly the mechanical one of assuring the adhesion of the epithelium.
The fine structure of the normal desmosome: The normal desmosome as seen in healthy squamous epithelium of the larynx and in juvenile recurrent papillomas (Fig 7) consists, as in the epidermis, of two apposed plaques which are specialized areas of the cytoplasmic membrane of the cells involved, separated by a series of alternate dark and light lines as described by Odland (1958) . The tufts of tonofilaments are inserted into the plaques and do not, as a rule, traverse the intercellular space between the plaques. The spaces often contain granular material, the nature or importance of which is as yet unknown (Fig 6) . The desmosome reacts with PAS and this reaction persists after hydrolysis with saliva and diastase. It is faintly sudanophilic. Hibbs & Clark (1959) suggested that some part of the complex structure of the desmosome is a polysaccharide, possibly associated with a lipid or lipoprotein.
Desmosomes in squamous cell carcinoma: Differentiated squamous carcinoma cells are almost indistinguishable from normal squames and usually carry the normal complement of wellformed desmosomes (Fig 6) . Cells of the invasive layers, however, are poorer in desmosomes which vary considerably in size and shape. This may be interpreted as the ultrastructural substrate and one of the causes of the reduced adhesiveness of the malignant cell (Coman 1944) . These cells usually possess large numbers of microvilli (Fig 8) . The cells of anaplastic carcinomas, as expected, show only small numbers of desmosomes irregularly distributed over the surface of the tumour cell which is richly endowed with microvilli consistent with the increased cellular activity.
Nuclei and nucleoli: The nuclei of carcinoma cells are large and the nucleo-cytoplasmic ratio greatly reduced. The enlarged nucleoli may be multiple and show a patchy, coarse pattern. The nuclear membrane is irregular and crenated. There are deep invaginations and indentations which, dependent on the plane of sectioning, may appear as peculiar nuclear inclusions as also observed by Ashworth et al. (1960) in certain human malignant neoplasms. The inclusions are formed by cytoplasmic material and surrounded by a 'membrane' provided by the nucleus.
Mitoses are less frequently encountered owing to the comparatively small number of cells seen in a given section and the low contrast of chromatin in thin sections. Mitotic nuclei were occasionally observed, e.g. in a squamous cell carcinoma of the larynx and of the ear.
Mitochondria: There were frequently large numbers of well-formed mitochondria present. Degenerate mitochondria were uncommon in well-preserved carcinomatous tissue but occurred in necrotic parts of the growth.
Biopsies from the Ear (12 Cases) General morphology: The general morphology of the human ear has not yet been studied by electron microscopists for various reasons. The fine structure of the animal ear, however, has been extensively studied (Wersall 1956 , Friedmann 1959 , lurato 1960 . Most of the pathological specimens presented no features peculiar to the ear which might distinguish them from similar lesions elsewhere.
Plasmacytic aural polyps consist of plasmacytes possessing a characteristically rich ergastoplasm and eccentric nuclei.
A case of eosinophilic granuloma showed typical eosinophils and histiocytic elements of various size and shape.
Squamous cell carcinoma: The well-differentiated cells showed a high degree of keratinization. There were occasional mitoses, otherwise their fine structure appeared to be similar to that of the laryngeal carcinomas.
A tumour more or less specific to this region is the -tumour of the glomus jugulare. Boyd et al. (1959) gave the first description of the fine structure of a tumour of the glomus jugulare processed in this department. In addition, through the co-opera--tion of Mr A Griffith, to whom we are indebted -for this valuable material, two additional specimens were embedded for thin sectioning. This vascular tumour consists of epithelioid glomus cells and pericytes with long granular processes. A small number of nerve axons is usually present in the tissue. Protein crystals in a tumour of the glomusjugulare: There were in one of the tumours, fairly large, round granular inclusions lying deeply in the cytoplasm of the epithelioid cells usually near a nucleus but not closely linked with it. The granules contained tiny crystals consisting of a lattice of small particles arranged in rafts. Miller (1960) described some granular inclusions in the collecting tubules of mice injected with hemoglobin. As tumours of the glomus jugulare are very vascular, and hemorrhage is common, breakdown products of blood may provide the raw material of these and similar inclusions.
In summary, there can be no doubt that the electron microscope has an important role to play in the study of human disease. It may not, as yet, -serve as a routine diagnostic tool, but it is a -method that in a given patient or in the study of a disease, might supply the important and -perhaps vital clue. Moreover 'routine' electron microscopy assists in a better understanding not only of the fine structure of diseased cells, but adds a new dimension to lightmicroscopy.
The Electron Microscopy of Viruses by M A Epstein MA MD PhD (London)
That the electron microscope can make visible a wealth of hitherto hidden structures is so widely known to-day as to need no emphasizing. Nevertheless, this represents an immense advance, and the use of the instrument for descriptive morphology is clearly essential to build up a basic corpus of knowledge relating to fine structure in all possible fields of study. But in addition to this, there are other less immediately obvious uses of the electron microscope which call for comment and it is the purpose of this communication to describe some of these in connexion with viruses.
Particle Counting An important aspect of the investigation of the basic biological nature of viral agents concerns the study of their structure and composition. But before a virus can be investigated in this way it must be identified, and it is here that the electron microscope can play an important part if it is used in close conjunction with conventional biological tests for infectivity. For example, in the case of a fairly pure preparation of virus particles in suspension, the number of infective doses present in a given unit volume can readily be determined biologically; but this gives no information about the number of individual virus particles needed to form an infective dose, often a point of great significance in the investigation of virus behaviour.
It is here that the electron microscope comes in, for by mixing the virus suspension with a suspension containing a known number of artificial particles, such as latex, and examining a minute drop of the mixture at an appropriate magnification, the number of virus particles can be compared to the number of latex particles and thus counted and related to the infective dose (Williams & Backus 1949) . The way this has been done in the case of the adenovirus (Pereira & Valentine 1958) is shown in Fig 1; the preparation has been mounted whole and lightly coated with metal to give it a three-dimensional appearance thus allowing the latex spheres to be clearly distinguished from the smaller virus particles. Checking ofPurity Apart from particle counting, the electron microscope has other important uses in combined biological and morphological work. First, it can be of unique value in determining the purity of a virus preparation; if a suspension of virus is subjected to a sufficient centrifugal force, all the formed structures it contains will be deposited in a pellet, and i" samples of the pellet are then ex-
